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A Survey of Eni:ssions of Nitrogen Oxides 

in the Pub Mill 

increasing man •m ade product m oE rn - 
trogen oudes has cfcmanded the atten-
taut nf bout scientists and re,.t.ilatory 
officers. The Chauanooga community 
esp'ssure .study '7 has made It possible 
to lisceriain a %slue for yearly aYerage 
concentrations of nitrogen dioxide re-
lated to human health effects. Tlw 
fincimgs of the study made possible, 
less than 1 year tater, tbe puhhaation 
of air quainv criteria for nitro:ten oxide 

The promulcatnon in April 
1971. of ambient air quality standard,' 
for NO: reflected the considerations 
kr miming of safety recommended in 
the criteria. 

The usaa-made production of 
only 10% of the total global production 
but practical!, halt oi the world man-
made production originates in the 
Unired States. Detailed analysis re-
Yeats; that WI of United Stilts man-
made NOR production is generated 
from stationary sources. Although spe-
cific industrial procemes contribute 
less than 1% to tEe nationwide esti-
mate*. me decided io 1970 to conduct a 
preliminary survey at our typical com-
bustion installations. Previ•nsiy. Gal 
caw et al. f2, showed that extremely 
low manes of 101 are obtained in the 
recomry hirsace. 

The pressen survey covered two oft-
tral sulfite annichemical mills and an 
unbkacised kraft mill. all with typical 
recovery furnaces. Also surveyed were 
twa gas-fired power boAses: two combi. 
nation bark boilers, one on c‘sai and 
the other en pne; three coal-fired power 
boilers: a lime kiln and a sulfur burner. 

Awalidisal am/ Sawa, 
likeirds 

The plasneliinniionk acid (PDSAt 
method was tentatively selected as the 
analytical method to be used. A survey 
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of the hiersture and additicnal mice-
mation allowed us t., rteelop a method 
compatible with future analytical re-
quir-tuents. Since solfur dioxide inter-
ference with the PDSA method had 
preys:414Y been fully studied. we stud-
ied only the pusaible interference of re-
duced sulfur compounds on the meth-
od. We also investigated the effect of 
perticulatts as a color absorber in the 
calorimetric PDSA analytwal proce-
dure. These laboratory studies revealed 
no significant interference in either in-
stance. 

Amalfi/cal 

The POSA method is a calorimetric 
method in which the sample is ab-
sorbed in a hydrogen peroxide solution 
0.11 in sulfuric acid. The resulting ni-
tric acid is reacted with PDSA, and 
the yelkm ammonium salt of nitro-
phenoldisti!fanic acid ts determined 
spectrophotometrically. A calibration 
curve is run using known concentra-
tions of K103 solutions. 

The PDSA analysis procedure is la-
borious hut not difficult. It involves a 
boil-down step which takes a tew 
hours, with care needed to prevent 
splatterin; and charring of the product 
if kft on the hotplati for too long. 
After the addition M PDS& tritura-
Gan, water and NH 2OH addition for 
color formation, the samples are dilut-
ed to AO ml and aboorbence is mea-
sured tm. 1 Spemonic 2(1 spectrometer 
at 40 nm. A calibration curve gives 
the amount of NO3 at different read. 

Sampling 

110$21111111111011W1111111,111111111111111111M*Crtil 

We ele-cted a sampling method which 
wouia nct only c.ave arrurate madings. 
but also would be practkal to use at 
the stacks The sraratus wits the one 
used by NAPCA t National Air Pollution 
Control Agency) („0, which differs 

slightly from the one specified as Meth-
od No. in the Fedend Register of 

December 191. The sample flask was 
a VO ml cylindrical flask with glass 
stopcocks on e..ch end. To grab a WU-
ple. 2 ml 01 absorlting solution (NM 
on 0.1.V %SO, was placed in the flask. 
The flask was then evacuated to 700- 

720 tam Kg. as determined by sn open 
ended mercury manometer. Immedi-
ately after flask evacuation, the flask 
was txinnectiM to the sampling appara-
tus in the stack and the sample collected 
by opening a stopcock to the sampling 
probe. 

Thr sampling apparatus may very 
according to stack conditions. If the 
stack is under prewar*, all that is 
needed is to run a line with a tee in it 
from the glass.lined stainless steel 
prate plsced in the stack. The &sa-
inted probe was used because it has 
been reported 41 that oxides ot nitro-
gen can be catal)tically decomposed oft 
reduced by carbon monoxide in bat 
stainless steel sampling equipment. 
The sample flask was connected to the 
cm to prevent the flask from being 
under pressure after taking the %ample. 
Figure 1 schematically illuetrates the 
sampling mtup. When the stack was 
under vacuum, a vacuum pump was 
used to pull the sample. A bleed sys-
tem Mier the sampling la wu wad to 
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Fig 1. Sasalislies apparalsis. positive ores 
sweet Mace. 

Fig 2 Sampling apparatus, negative pressure in slack 
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prevtnt  p  vacuum from being created 
in the sample flask by the vacuum 
pump Figure 2 a schem.tic of the 
sampling setup und( negatite pressure 
conditions. 

These precautions were necessary in 
order to make proper voiume determi-
nation5 Volume wa calculated from 
the initial volume of The flask, the 
pressure in the flask before sampling. 
the pressure in the flask after absorp-
tion, and the ambient temperature 
after absorption. 

After the sample was taken at the 
stack, it was shaken for several min-
utes mld then left sitting for about 
16-24 hi -  so that total absorption could 
occur ',hat this time period was suffi-
cient was shown by a study made by 
two investigator; (3), working indePen-

dently in the 
sa.ne laboratory 
setup and with 
the same de-

Nth scribed proce-
dure. Figure 3 
shows that tor the 
maxim um con 
cent rat ion stud-
ied. 500 ppm, 

34100- nun 	
ccurred alter 9 
final ahoorption 

hr. No variation 2.100- Mou 
MOO 

was noticed a!ter more prolonged 
absorption periods. The Environmentu! 
Prctection Agency recommends,  in  the 
prevo osly mentioned Method 7. an 
absorption period ot no less than in hr. 
This was the period ot time we used. 

Temperature Determinations 

All temperature measurements were 
made with a Leeds ard Northrup opti-
cal pyrometer, measuring the hottest 
temperatures at the combustion zone. 

SURVEY RESULTS 

The results from the survey are indi-
cated in Tables I-111. It is clear that 
emis..ions from typica; combust:on 
units in the pulping operation such as 
the kraft recosery furnaces. combina-
tion bark boilers, lime kilns, and sulfur 
burners are very low. 

The kraft recovery furnace pattern is 
to be expected when considering the 
elatively low temperatures and the 

two-stage air feeding systems. The con-
ventional kraft recovery furnace, in 
order to promote formation al sulfide. 
uses, in essence, the off-stoschiomethr 
method of reducing nitric oxide forma-
tion so much in development today for 
gas-fired utility boiler*. The two bark 
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The Institute of Paper Chemistry 

This monograph consolidates the large amount of prae 11 information 
that exists on internal sizing among chemical suppliers and mill technical 
peopte. It is written for the man in the mill concerned prim irily with day-
to-day operations and for those interested in developing new chemicals for 
sizing purposes. The information is presented in five chapters: 

Rosin and rosin size 
Rosin: chemistry, physical and 
chemical properties 
Rosin size: manufacture and proper-
ties; selection; handling, storing, and 
diluting 

Alsoninum compounds 
The process (gazing 

Imponant basic factors 
MU factors dist affect linen 

Testing of paper for sizing 
Factors affecting testing 
Factors influencing choice of test 
method 
Test procedures 

Special sizes 
internal sizing with wax sins, sodium 
stearate, asphalt anuhions, alkyl 
kcienc down, and with luotocban-
icals for oil resistance 

Moameraph No. 3.1 is a project of the Chemical Additives Committee of the 
Paper sad Board bratealottore Dkisitm. It is arailable for Astributiort at $10 per 
copy for members, SIS for tammembers; hard corer, 212 pp. 
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boiler,  although burninc n ainl. 
%taste fuel. indoated io‘ser 

perailires than those normal for similar 
, inits either totally on gas or civil 1ht 
:act that the bark was being fed at a 
moisture content of 4.■ to rv'i(7. could be 
a reason fur the lower NO). concentra-
tion. 

The comentional power butler units 
show results similar to those published 
by others (6. 7) 

It was also found that neither a yen-
turi evaporator nor a sulfitation tower 
had any significant effect on nitrogen 
oxide concentration. Specific studies at 
one installation on the effect of an 
electrostatic precipitator showed that 
the NO: concentrations were the same 
before and after the precipitator. Our 
results seem to indicate that the elec-
trostatic precipitator is mut a source of 
NO: emission. as has been implied in 
other publications. 

CONCLUSIONS 

1. The NO: omissions from unit op-
erations typical of the pulping indu5- 
try, other thee power boilers. are well 
below comparable combustion units. 

2. The contribution to ambient levels 
of NO1 from a pulping operation would 
bed negligible effect on air quality. 

3. Small Mae power boilers present 
omission ehoracteristies of the same 
eider as similar conventional power 
pesorating mita. 

4. Thom mem to be no need of eon-
tames monitoring for NO: on the 
ossabusties maks of pulping operation. 
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HYDROCARBON EMISSIONS FROM WOOD FIRED BOILERS 

P. B. Bosserman 
State of Oregon Department of Environmental Quality 

Abstract 

The current EPA emission factor is 2 to 70 lb HC/ton Fuel for Hydrocarbon (HC: 
emissions from wood and bark fired boilers. The author averaged available 
tests of wood fired boilers in Oregon to derive a new emission factor of 0.22 
to 8.46 lb HC/ton Fuel with :in av-r-qe ra.- tor of 1.94. 	The ff sults are broken 
cf, , wn into lour types or boilers: 	Nadi ovens, spreader stokfrs, fm,1 Cells, 
and sanderdust rir d. Reasons fur some or tjfe 	val , ;es are discussed. . 

- The Condensible Hydrocarbon caught in the back h3if of the total particulate 
train averaged 3.7% of the total particulate. Vplatile HydrocarbOn weight 
averaaed about seven times the Condensible. 

. Kcy Words  

Hydrocarbon Emissions 
Volatile Hydrocarbons 
Condensible Hydrocarbons 
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HYDROCARBON EMISSIONS FROM WOOD FIRED BOILERS 

Present Emission Factors 

The present emission factors for hydrocarbon (HC) pollutants emitted from wood 
. and bark waste combustion in boilers, given by the United States Environmental 
Protection Agency (EPA) in AP-42, Table 1.6-1, is 2 to 70 lb HC/ton of fuel 
(1 to 35 Kg/MT). A footnote says'to "use lower values for well designed and 
operated boilers". 	It is based on limited data published from 1967 to 1973. 
Since then, there have been many adjustments made to improve boiler combus-
tion; fuel costs have gone up and pollution control agencies have demanded 
less pollution. At least one manual on improved combustion has been pub- 

, lished, Dr. Junge's bulletinl. 

In 1976, the State of Oregon's Department of Environmental Quality (referred 
to as the Department hereinafter) started to analyze wood fired boilers' HC 
emissions in the Medford Air Quality Maintenance Area. Violations of the 160 
pg/ms photochemical oxidant standard were occurring (along with violations of 
the porticulate ambient air standard). The Department's emission inventory 
shoed that the area's seventeen wood fired boilers were emitting 473 
tons/year of the Erea's 8,529 tons/year of HC from controllable sources. Yet 
the 473 tons/year was based on the educated gue! -,s that the correct emission 
factor was 2 lb/ten based on the lower limit of EPA's published factor. 

Oregon Test Prograli 

The Department decided to verify the HC emission factor of 2 lb HC/ton of fuel 
by existing test data supplemented by additional. tests. HC can be considered 
by arbitrary definition in two parts: 

I. Volatile HC - Those with a high vapor Pressure, i.e., alpha pinene. _ 	. 
these will mostly evaporate during analysis if capLured by a Method 
V trains (see Page.7 fur test method). 

2. Condensiale HC - Those with low vapor pres-mre, i.e., abietic acid. 
These tars will mostly be captured in the back half of a MeLhod V 
train 3  (see Page 7 for test method). 

• The Department had tests on twelve of the sceienieen Medford area boilers which 
quantified the Coudensiblo tIC. 	The rive mit mra ,;ut-d wero sioull boilers or 
had not been measured because of similari ty 	.,nothe r h. I I r r bc, side them 
which had been measured. See the boilers 11)-0010-I Lluouyh 15-0058-1 on 
Pages 17 and 18. 

To this existing data, the Department had to add Volatile HC measurements. 
The Department began to measure Volatile HC emissions from wood fired boilers 
and veneer dryers in November 1976. Since alpha and beta pinene were known 
to be major constituents, at first only these HC were measured. They both 
have molecular weights of 13624 And were found to he vmitted at from .026 to 
2.84 lh of pinenes per ton of fuel hurned In tha four bollpfA meAcured. 

2 



Beginning with the February 15, 1977 test, total nonmethane HC emissions were 
measured in the nine tests shown on the Volatile HC Data Page, Page 12. Most 
of the larger Medford area boilers were sampled; the test on 15-0054-2 was 
aborted because of a test equipment failure; 15-0048-1 was not measured 
because it is exactly like 15-0048-2. 

The results of the Oregon Test Program and of this paper show that the 2 
lb/ton emission factor was a good educated guess, close to the Medford boiler3 
and the averages developed in this paper. 

The test results are as follows: 

TABLE 1 

Wood Fired Boiler HC Emissions 

Number 	 Emission Factor Units 

	

of 	lb HC/Ton Fuel 	lb HC/10 6-  lb Steam 
Tests 	Average 	Hi11 	Low 	Average 	High 	Low  

Volatile HC 	 9 	1.68 	6.30 	.22 	190 	745 	31 
Condensible HC 	88 	.26 	2.16 	negl 	23 	256 	0.1 

Total HC 	 1.94 	8.46 	.22 	213 	1,001 	31 

The author separated the measurements into four types of wood fired boilers. 
DescrLions and illustrations of these types Wcre presented in the author's 
paper 6  at last year's meeting. 

TABLE 2 

HC Emissions by Type  of  Wood  Fired Boiler 

Number 	 Emission Factor Units 

	

of 	lb HC/Ton Fuel 	 lb HC/10 6  lb Steam 
Tests 	.Average 	High 	Low 	Average 	High 	Low 

n(11  

Dutch Ovens 
Volatile HC 	 4 	.54 	1.03 ' 	.22 	114 
Condensible HC 	50 	.23 	2.16 	n-gi 	22 

	

- - 	 -- 
Total NC 	 .77 	.3.19 	.22 	136 

Spreader Stokers 
Volatile HC 	 3 	3.84 	6.31 	2.00 	388 	

200 

 e  119 3 341  
Condensible HC 	26 	.33 	2.03 	.01 	35 	256 	1 

Total HC 	 . 4.17 	.8.39 	2.01 	423 	1,001 	120 

Fuel Cells 
Volatile HC 	 1 	.43 	. 4 3 	.43 	42 	42* 	42 

8 Conden 	 . 6 	.01 sible HC 	5 	.31 	 14 	33* 	4 

	

- 	 ....._ 
Total HC 	 .74 	1.29 	.44 	56 	75* 	46 

Sanderdust Only 
Volatile HC 	 1 	1.03 	1.03 	1.03 	 45 	45 	45 
Condensible HC 	7 	.41 	1.02 	.11 	8 	23 	1 

Total HC 	 " 1.44 	2.05 	1.14 	53 	68 	46 

*Same Boiler 
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Volatile HC 

Volatile HC emissions from veneer dryers were studied in 1971 by Washington 
State University 2 . Since no identification of constituents of HC emissions 
from wood fired boilers has been done, except for the Department's four tests 
mentioned on Page 2, it is assumed that the compounds in wood fired boiler 
emissions will be similar, if not the same as, compounds in veneer dryer 
emissions. Constituents in Volatile HC are alpha pinene, beta pinene, etc. 

The Department is of the opinion that these Volatile HC are as photochemically 
reactive as the most reactive class of compounds listed by EPA 5 . The 
Department's method for collecting and analyzing the Volatile HC is detailed 
in Appendix I. Briefly, an integrated bag sample was taken from a single 

:point in a stack z.nd analyzed on a gas chromatograph. 

Condensible HC 

Condensible HC emitted from wood fired boilers are captured and measured in 
the process of measuring total suspended particLlate. The Department defines, 
"Particulate matter means any matter, except uncombined water, which exists as 
a liquid or solid at st-andard conditions". 	In the Department's emission 
inventory, these Condensible HC emissions are classified as particulate rather 
than hydrocarbons, but conceivably they could vclatilize under certain atmos-
pberic conditions; their photochemical reactivity has not been measured. From 
their chemical structure, they are suspected to be less reactive than gasoline 
but more reactive than acetone. See Appendix 1 for the test method. 

The Com'ensible HC are pitches and tars which have greater molecular weights 
then the Volatile HC. Some of the constituents identified by Washington 
State University were abietic acid, isomers of abietic and pimaric acids, 
ScsquiLeipencs. 

Discussion of Data 

In nrcir to establish an unbiased average, the author surveyed all the 300 
weod fired hollers in Oregon. 	Only the latest test on each boiler vits con- 
sidered. Whore the boiler was no longer in service, the test was not used. 
Finally, only 89 tests could be used to measure Condensible HC; in the other 
tPsts the back half, if reported, did not itemize the inorganic (water 
soluble) and the organic fractions. 	In summary, every wood fired boiler in 
service during August 1977 in Oregon was used to form the Condensible HC data, 
if the organic portion of the back half'of the boiler's source test was 
reported. 

The test results are presented in terms of two emission factors. The lb 
liChon fuel factor lS direct and in terms common to other fuel factors. But 
wood waste is not measured carefully as with other fuels. More often than 
not, it is gen&rated at the plant and burned without being measured or 
weighed. Over two-thirds of PrettOn'4: WOOd fired boilers do have recording 

flow meters. 	So a second omission factor 16 forifIti oF lh Hr/lo 6  lb 
!yearn produced 	presented. 	IL is believed to he mole accurof ,C; hUWever, 

do give the Department their estimate of i!“: ions or ,00,i burned in 
annually, so the lh HC/ton Fuel can be a, cosily delived. 
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The author extracted the percent CO ?  in the flue gas, the fuel moisture, the 

steaming rate in percent of rated steam capacity, and the stack temperature 

from each of the test runs in the 88 tests where Condensible HC was measured. 

By a linear regression analysis each of these parameters was correlated to 

each of the computed emission factors. The highest correlation coefficient 

was .797 for the stack temperature of fuel cell boilers with the lb HC/ton 
fuel coefficient. But where the slope of this correlation was positive, the 

other stack temperature correlations had negative slopes. Of the 32 corre-

lations, only seven had correlation coefficients above .500. 	It is concluded 
that HC emissions have no dependence on any single parameter. 

This agrees with ccmbustion theory, where combustion efficiency is dependent on 

time, turbulence, temperature, and correct Oxygen supply. 	If any of these 

parameters is incorrect, poor combustion with concurrent changes in emissions 

of HC will result. To cite a few instances, whea a boiler is fired over rated 
capacity, the resicence time in the fire zone is shortened; boiler 15-0053 .  was 
being fired at 100% rated capacity and produced HC several times the average.. 
Wlin too much combustion air is provided, the fire cools below the optimum 
combustion efficiercy temperature. As indicated by low CO2  flue gas readings, 
boilers 25-0005-1 at 7.6% CO 2  and 10-0021-1 at 6.03% CO 2  registered the 

highest Condensible HC emission factors for Dutch Ovens and Spreader Stokers 

probably because of low fire box temperatures. 

Back Half of the Catch 

There has been continuing difference of opinion on whether the back half of 

the Method V trai'n should be included in the total suspended particulate 

measurement. Those who favor it being excluded consider it so small as to be 

negligible. 	Others, like the Department, want it measured, reported, and 

included because sometimes it is not negligible. 	Because I was tabulating ' 
back half data, I included the total back half (organic and inorganic) in my 

survey to determine the range of back half weight. See the back half columns 
in Appendix III on the Condensible HC Data Pages, From 89 tests: 

Total particulate back half was 6,05% of the total 

particulate on the average. 

The highest value was 26.6% for boiler 05-2064-1. 

The lowest value was 0.34% for boiler 15-0048-3. 

in ten of the 89 tests, the back half was over 12%. 
Condensible HC averaged 3.707% of the total particulate. 

Conclusions 

I. The range of the EPA factor of 2 to 70 lb HC/ton of fuel appears too high 

and should be lowered to about 0.20 to 8.5 lb HC/ton of fuel. Values of 
2.0 to 8.5 lb/ton should be used where tests confirm this or opacities 

are seen to exceed 20%, An average value of 2.0 lb HC/ton of fuel is' 
indicated for boilers with good combustion and opacities of 20% or less 
in the absence of actual measurements or other facts. Values of 8.5 to 
70 lb 11C/ton or Nal may be rnall*tic whore high onaulty and peinr com-
bustion practices are observed. 
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AIR POLLUTION CONTROL DISTRICT 

COUNTY OF HUMBOLDT 
S600 SOUTH BROADWAY EUREKA. CALIFORNIA 95501 

PHONE m173 443-3091 
Aarch ,I, 1980 

Mr. Clyde B. Eller, Director 
Enforcement Division 
EPA, Region IX Office 
215 Fremont Street 
San Francisco, CA 94105 

RE: E-4-4-1 
NC 79-07 

Dear Mr. Eller: 

The Air Pollution Control Director of Mendocino County 
has asked us to review your February 1, 1980 letter to Mr. 
Ralph Shoulders of the Georgia-Pacific Corporation regarding 
approval for the construction of a 140,000 lb/hr wood-fired 
steam generator at Fort Bragg, CA. Page one of your letter 
contains emission rate information for several pollutants. 
The table below summarizes our calculations and compares 
them with your estimates based on limiting concentrations 
and reduced operating times. 

POLLUTANTS 

TABLE 1 

LIMITING 
CONCENTRATION 

EPA 

ESTIMATE 
(T/YR.) 

NORTH COAST DIST. EST. 

(T/Y)70% (T/Y)@100% 
CAP/310 Da. CAP/360 Da. 

SOx  0.01% 16.0 16 26 

NOx  120 ppm 131.0 156 259 

Partic- 

ulates 

0.03 gr/scf 

P 12% CO2 
46.9 47 78 

CO 100 ppm 67.0 79 132 
VOC 75 ppm 68.3 34 

Our estimated emission rates for volatile organic compounds 
(VOC) are in disagreement. Attached to this letter are calcu-
lations which will substantiate our values. 



Robert R. Selfridge 
Air Pollution Control Director 

-2- 

Attached to your letter are permit conditions about which 
we have some concern. Section VIII F. requires that the emissions 
of volatile organic compounds be limited to 75 ppm (volume) 	12% 

CO2 as CH4 (2-hr. ave.). 

A limit of 75 ppm is a reasonable limit on VOC emissions in 
a well controlled furnace burning clean dry wood. When these 
conditions are not ideal and the fuel varies in composition and 
quality, sometimes hourly, emissions can double. If EPA had this 
in mind, and the 68 T/YR. emissions of hydrocarbons is correct 
then the limiting concentration should be 150 ppm. 

Our goal is to reduce air polluting emissions. Tepee burners 
and open burning methods are still used to dispose of large quan-
tities of waste wood in the North Coast Air Basin. The following 
table compares the emissions of VOC and particulates per ton of 
fuel burned by three methods. 

TABLE 2 

LB. VOC 
	

LB. OF PARTICULATE  
METHOD OF BURNING 
	

TON OF WOOD 
	

TON OF WOOD  

Douglas fir in a large boiler 	1.7 
	

2 
Douglas fir burned in open 	5 
	

8 
Wood in a Tepee Burner 	 4 
	

8 

This data shows that we can approach our goal faster by 
encouraging industry to build large and efficient boilers to 
eliminate Tepee Burners and as oil becomes more valuable to 
burn slash from the forests and municipal wastes from the cities. 

Regulations are needed but not long delays and "tough" 
restrictions. 

As fuel becomes more valuable industry will have ecomonic 
incentives to (1) provide dry storage and pre-dry the chips (2) 
pre-size the chips more carefully (3) study operating conditions 
for most efficient combustion. These steps will reduce pollutant 
emissions and optimize the use of an otherwise troublesome by-
product. 

Most Sincerely, 

CC: R. Swan, Mendocino 
Carolyn Stromberg, ARB 
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Beginning with the February 15, 1977 test, total nonmethane HC emissions were 
measured in the nine tests shown on the Volatile NC Data Page, Page 12. Most 
of the larger Medford area boilers were sampled; the test on 15-0054-2 was 
aborted because of a test equipment failure; 15-0048-1 was not measured 
because it is exactly like 15-0048-2. 

The results of the Oregon Test Program and of this paper show that the 2 . 
lb/ton emission factor was a good educated guess, close to the Medford boilers 
and the averages developed in this paper. 

The test results are as follows: 

TABLE 1 

. 	 Wood Fired Boiler HC Emissions  

. Number 	 ' Emission Factor Units 

	

of 	lb HC/Ton Fuel 	..lb HC/10 6-  lb Steam 
Tests 	Average 	High 	Low 	Average 	High 	Low  

. ...-Volatile HC 	 9 	1.68 	6.30 	.22 	GO 	745 	31 
Condensible HC 	88 	.26 	2.16 	negl 	23 	2560.1 

Total NC 	 1.94 	8.46 	.22 	213 	1,001 	31 
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The author separated the measurements into fouil  types of wood ired boilers. 
Descriptions and illustrations of these types were presented in the author's 
paper6  at last year's meeting. 

TABLE 2 

NC Emissions by Type of Wood  Fired Boiler  

Number 	 Emission Factor Units 

	

of 	lb HC/Ton Fuel 	-.lb HC/10 6  lb Steam 
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Weyerhaeuser 

COMBUSTION POWER COMPANY 
N Wey haeuse ompany  C— 
Jo h Leszczynskj 
We tern Regional 

Combustion Power Company, Inc. 
A Weyerhaeuser Company 

February 28, 1980 

Mr. Wally Woo 
EPA-Region 9 
215 Fremont St. 
San Francisco, CA 94105 

Dear Sir: 

With the thought of keeping you up-to-date on the latest technology 
with regard to wood-fired boiler particulate emission control, 
I am enclosing the results of recent emissions tests performed 
on boiler #11 at Weherhaeuser's Mill in Longview, WA. 

Our ELECTROSCRUBBER
TM

, electrostatic gravel media filter, allowed 
this boiler to operate at full capacity with a completely clear 
stack-- without the danger of fires and explosions and maintaining 
collection efficiency even during upset conditions(such as soot-blowing). 

If you have any questions, please call me at your convenience. 

Sincerely yours, 

\JL:bc 

• 

1346 Willow Road 
Menlo Park, California 94025 
(415) 324 - 4744 



ELECTROSCRUBBERTM EMISSION TESTS 

HOG FUEL BOILER 4b 11 @ WEYERHAEUSER, LONGVIEW, WA. 

TEST 
DATE 

TEST 

NO. 

(As #h 

BOILER 

STEAM 

LOAD 

(Kpph) 

HOG 
FUEL 

MOIST. 

(%) 

INLET 

TEMP 

(F) 

INLET 

GAS 

FLOW 

(ACF!.1) 

TOTAL 

GRID 

POWER 

(kW) 

AP 
in. 

(H20) 

INLET 

PART. 

CONC. 

(9r/dscf) 

OUTLET 

PART. 

CONC 

hir/thcf) 

1 

1214/79 (1—M5) 350 53.3 345 236,299 2.8 3.2 0.193 0.009 

2 
12/6/79 (2—M5) 330 58.1 351 256,308 3.2 3.5 0.152 0.003 

3 
12/7/79 (3—M5) 343 55.3 351 274,792 0 3.0 0.142 0.022 

4 
12/7/79 (1—PS) 350 54.2 351 274,702 3.8 3.0 0.175 0.010 

5 
12/11/79 (2—PS) 350 56.9 370 290,C")0 30 4.0 0.535 0.012 

6 
12/11/79 (3—PS) 410 55.4 388 342,734 3.6 5.1 0.428 0.000 

7 
12/11/79 (4—M5) 390 53.8 388 342,734 3.5 5.1 0.174 0.011 

NOTES: 

1. This data was collected using an EPA Method 5 (M5) and Cascade Impactor (PS) test procedure. 

2. Boiler nameplate capacity at 55% moisture hog fuel is 400,000 pph steam at 1250 psig. 

3. All inlet and outlet loadings were corrected to 12% CO2. 

4. Grid voltage was 20,000 volts (except for test number 3 where it was purposely set at 0). 

Opacities ranged from 2%-3%, test number 3 produced an opacity of 5%. 

5. Particulate sampling was done by Alsid, Snowden and Associates, Bellevue, WA. Operating 
data for the boiler and ELECTROSCRUBBER were collected• by C. T. Main. Portland, OR. 

1 
A CorobuNfion Power 

/  
43kA l: ompany, 

February 15, 1980 
	

A WeyerhaellAT Company 
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Combustion Power Company, Inc. 
A Weyerhaeuser Company 

  

1346 WILLOW ROAD 
JOHN LESZCZYNSKI 	 MENLO PARK, CA 94025 

(415) 324-4744 
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